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. OUTLOOK

Introduction to Source modeling in SHADOW
Geometric
BM and Wiggler

Wiggler
Results for first 3-pole wiggler design
Results for new design
To do
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. SOURCE MODELS IN SHADOW

Ray = array of 18 float (called columns — rows are number of rays):
(x, v, E,, lost_flag, |k|=2x/A, index, OP, ¢, ¢, Ex)
33 3 1 1 1 1 1 1 3 =18 =>thereis redundancy

We cal easily define other variables (“compound columns”):

11: E [eV]

19: A [A]

20: 1= (X2 + y2 + 72)112
21: angle from Y axis
22: |E[ = | Es + E4

23: | = |E|2
24: |, = |E|2
25: |, = |E,[2
26: k

27-29: (Ky Ky, ky)
30-32 Stokes = { I+, lo-ly, 2 |Eq| |Ex| cOS(0s=d5), 2 |E,| |E,| SiN(d,~d,)) }

A single ray is always monochromatic
A beam is a collection of rays

Page 3 The European Synchrotron |



Trace (the beamline)
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. GEOMETRIC SOURCES

Fill with given distributions (flat, Gaussian, etc) s (=
(X, V, Eo’, IOSt_ﬂag, |k|=2ﬂ3/)\., index, OP, (1)0, (I)n, Eg-;) . SHADOW prompts the user for the phase differ-

ence in degrees between ¢, and ¢,,. The Degree
of polarization determines the relative amplitude
of the s and p vectors according to the relation :

E.g.,

. Degree of polarization = cos(6)/(cos(6) + sin(6))
pOInt source X_{O’O’O}’ where ¢ is the angle of polarization from the As
collimated source v={0,0,1}
Note that
|V| = 1, |= | E0 + Eml2 = 1 at the source Some examples of polarization states:

« Linearly polarized:
Phase difference = 0
. D f polarization = what the ab ion i

b, = ¢, + phase difference o = hen the desired valus of 05

. . plugged in.
¢, IS usually random (incoherent rays one to another) for 6 = 45 deg, DOP = 0.50

for @ = 30deg, DOP = 0.63

« Circularly polarized:
Phase diff = +90 (for Right), —90 (for Left)

In geometric sources, X, v and E are uncorrelated: Degree of Polarization = 0.5
The sampling order is not important.
Once created the source, a variable can be resampled
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.Vlonte Carlo (source model)
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1) Sample Energies from BM spectrum (pre-calculated or exact)

2) Sample position (uniformly distributed over the trajectory arc)

3) Sample direction
-Tangent to trajectory in H
-Correlated to photon energy: Sample angle following, get
DOP from |Es|/|Ep] ratio

Add emittance effects:

1) Ask 0,0" and waist position (for H and V)

2) Compute e beam size distribution at the ray starting position

3) Sample a random value using this bivariate Gaussian
distribution (for H and V)

4) Add it to the ray position x and direction v

Good:
Exact model for emission, good geometry characteristics (depth,
curvature),

Limitations:
i) No edge radiation
ii) the e- beam size at a given position s is obtained from the
waist position supposing we are in free space (no magnetic field)
=> small effect in general => to be checked and upgraded!
iii) No energy spread
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. COMPUTE E- BEAM SIZES

At s (any point of the trajectory)

Bivariate Normal Distribution
<X2 > <xx '> /))xgx _axgx 2 2
2= = +n°051,,,
<xx'> <x'2> _axgx yxgx
Evolution in empty space

@), = (@) + 22’y + (@
(@x'), = (za') + =)y
(@), = ("

(x)d

With ¢ the emittance (constant), and Twiss parameters:

2

2dS p

At waist (zero correlation, p=a=0, $ is minimum):
O'x=1/<x2>= [ €5 O, = ’<X'2> — /%, 00, =¢&, A
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. WIGGLER MODEL IN SHADOW: SINGLE ELECTRON

Calculate
Spectrum (full emission)
Trajectory
Velocities (directions or angles)
Curvature (1/R)
Sample:
photon energy
position in the trajectory (not uniform, sampling from curvature)
angle: H tangent to trajectory
V: Sampled from BM distributions for the local magnetic radius

=40 1] fali] =40 o an
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. WIGGLER MODEL IN SHADOW: ELECTRON PARAMETERS

1)(10’4 T T T T I T T T T | T 1 1 I_ I T I 1 1 3PW at the ESRF neW IattICe
s BMSoft s=13.33 BMHard s=13.717
Sx107V7 6 0
L /" \ — B,
\ /(;-.\ //" \ ! B
L / \ / \ "5 ‘ \ 2
/N
i / \ Approx waist
L / \ 14.75
0 B ’ \ 0.015
L E ;
=
L .
—-5x107%
- Approx waist
— 13.15
- 0 0.005
1 115 12 125 13 135 14 145 15
-1 X1O'4 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 < Iml
-1x107* -5%x107° 0 5%107° 1x107*

3: Monte Carlo sampling of the electron phase space z'[rad] vs. z[m] at
sler edges: y = —0.1 (red) and y = 0.1 (black).
Implementation in SHADOW: http://forge.epn-campus.eu/documents/784
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. 3PW COMPARISON

(@]

(]
w

Flux (Phot/s/0.1%bw)
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command: plotxy,begin.dot,4,8 XRANGE=[-0.00150000,0.00150000],NOLOST=1,NBINS=75,CALFWHM=1,CONTOUR=5 NLEVELS=86

J/Users /srio/TMP /begin.dot

ven 21 nov 2014 17;

05:16 CET
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command: plotxy,begin.dot,4,6 XRANGE =] -0.00150000,0.00150000],NOLOST=1,NBINS=75,CALFWHM=1,CONTOUR=5 NLEVELS=6
JUsers /srio /TMP /begin.det  Ven 21 nov 2014 17:07:40 CET
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commaond: plotxy,begin,dot,4,6,XRANGE=[-0.00150000,0.00150000],NOLOST=1,NBINS=75,CALFWHM=1,CONTOUR=5 NLEVELS=86

J/Users/srio /TMP /begin.det  Ven 21 nov 2014 17:09:13 CET
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=0.0015

command: plotxy,begin.dot, 4,6 XRANGE=[ -0,00150000,0.00150000],NOLOST=1,NBINS=75,CALFWHM=1,CONTOUR=5 NLEVELS=6

J/Users /srio/TMP /begin.det  Ven 21 nov 2014 17:28:32 CET

T e S

-
o 22

'
-  }

/v AR - p
iy R PR e TR e A g (™

=-0.0010 0.0010

0000T /1

0010

TTIETI FETE AT I ih)

= = -
- W 1 0 1
- ol o -
= f m—.‘ﬂ _— I—I'\_,_J 1 —\_,—_,—L i}
- I 3 =
- . 4
- J 3 i
= 3 :
= 3 =
- _: :
- - )
1 -
- . =
3 ] E 1
2015 Q = m % 150 200 250
' srio®

APS 3 keV

EXTERNAL LIMITS

——GO0D ONLY

INTENS = 100000.C0
TOT RAYS = 100000
LOST = 0
COCO = 100000
Horizontol: 4. Xp [roas)
Verticol: 6: Zp [rods]

HistoHorizFWHM: 0.0019275335

HistoVertFw: 0.00025594214

00015 02.0«40h=6at«8afx 100 107 108x10"

The European Synchrotron |




command; plotxy,begin.dot,4,6 XRANGE =[-0.00150000,0.00150000],NOLOST=1,NBINS=75,CALFWHM=1,CONTOUR=5 NLEVELS=6
JUsers /srio /TMP /begin.det Ven 21 nov 2014 17:27:02 CET
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aTe

command; plotxy,begin.dot,4,8, XRANGE=[-0.001500

/Users /srio /TMP /begin.dot

ven 21 nov 2014
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Emission — Top view
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Beam profile @ 30m
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. NSLS-ll 3PW SHADOW-NO EMITTANCE

INTEI

by a working group, an
updates will be provide

1.2.11]""l""l""l""|'"'I""l""'.l""l""l""]""I """"" TTrTTT
= Magnetic Field [TPW Central Pole—+
s 08
% FUpstream BM ll PW Upstream Side Pole
1 g 04 |
D M
"i‘f = o E : — : 2 0.0F ‘x
a _()_4l....l....l..A.l....l ........ Lidiidiii S iitiiiiid
q 6m 5 4 , 4 1 0 1
3 . ,f | e
i * Intensity distributions ¢
3 different photon energi
5 30 m from 3PW show
- . S s i G a0s from soft poles in 3PW
.- from adjacent BMs
e — R——— SR 3 * Effect of such non-idez
i ijk\ E 3 intensity distribution or
-F R : microfocusing is being
>.“_‘,

-0.10m -0.05 0.00 0.05
Horizontal Position

«Calculation with DEJ

L
O S0 1000 1500 2000

USs?
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. 3PW - OVERLAPPING WITH BM

*There is an overlap with the BM radiation of the
downstream BM

*Adding BM fields in SHADOW. Problems:
*The axes for SHADOW are in the direction of the

entrance electron, so the optical axis is not correctly
placed

Emittance values not correctly set because is not

empty space but there is magnetic fields (BMs, QP)
[not dramatic...]

Still the problem of interpolation errors...
*Shortcuts:

*Shift (to the e- starting position) and rotate (center
of the wiggler at zero angle) the source

-
L
’al S



. AUTOMATIC AND PRECISE INSERTION OF STORAGE RING PARAMETERS

« PRESENT WAY:
« Look for values published (reports, web, ...) and
copy them
« Talk to accelerator people
» Values change... Tabulations are incomplete, and do
not include all “interesting points”

« NEW WAY
* Ring parameters from accelerator codes (internal
formats...)

* Run codes to obtain a tabulation of the Twiss
parameters, moments, etc. at the desired [s,,s,]
interval

« Use this as input to sample rays in SHADOW, etc.
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. CALCULATE/IMPORT ELECTRON BEAM CHARACTERISTICS

I:!E Development of accelerator simulation tools

Symplectic Tracking based methods S.LEIL

j |’- from L. Nadolski,

S — DA, MA separated DA, MA together ICFA LowEring,
e e Oxford 7/13

*h.‘-ﬁ -

Direct tracking based optimization | | GLASS Analytical based method

Genetic Algorithm g Lie Algebra/Differential Algebra
MOGA — ——
ﬁ . Resonance Driving Terms | | Amplitude Tuneshift
Frequency Maps . RDT minimization minimization
PR Nonlinear o o
Diffusion factor “L OCO” Sceancen,;g 7 Phase advances
el
Resonance identification Resonances ﬂ ﬂ ﬂ . ‘ . A4n  Interleaved
sextupoles

Robustness to magnetic, alignment errors ness ID configurations

PTC MADXTRA m 50 OPA ELEGANT

ENERGY

Tracking codes:

Advanced Light Source D. Robin SLAC-DLSR Workshoy.
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EXAMPLE AT TO SHADOW

| want in a file with:

wiggler sources

1
— 1.1T3PW
i — 0.85 T 3PW

a) i po]eMagnet blocks b)
S B <> <xxX’> <X’X’> <yy> <yy’> <y’y’> 1
£ 05
Magnetic field: 3,
0.5

MY

AT provided these plots :

n= 0,854

dp/p=0.000
1period, C= 26374

-0.05 0 0.05 0.10
Longitudinal position (m)

load (“"S28CINJ.mat”)

atplot (ARCA)

b [n]

Boaz helped to make a |

to drop Twiss pars and moments
TODO:

0

000 N /Users/srio/Downloads/esrf2_wiggler.spec - Xplot 3.00 d:1

File Edit View Calculations Tools

bZ

dispersion [n]

Help

[ Xl 3l @l @ o &l a B | b | [fomwms oo

1 data from atcollab using script computeMoments.m
8x107"° T T T
Match them!! -
=

Modify shadow3 § s
: o
Automatize?
utomatize 20|

_UW ® ,zﬁm

: s—awfm] =

161

0 saved sets, Curent set has 25 colums, X 1sstl | ¥ U o | 168 <ow>

17: <>

SPEC data file (Asers/srio/Downloads/esr2_uiggler. spec) read succesfully 18t P>
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. THE END
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Thanks!
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